Location and selection of an oviposition site is an essential part of the life history of all mosquito species. The remarkable number of oviposition be haviors range from the common, e.g. deposition of eggs on or near the water surface, to the unusual, e.g. egg brooding by adult females (73, 74) . The initiation of an ovipositional flight is linked with environmental factors, especially rainfall, relative humidity, temperature, and wind speed. The location and selection of an oviposition site involves visual, olfactory, and tactile responses.
laying has been defined as two distinct behaviors: preoviposition, which includes all of the behaviors involved in attraction to an oviposition site, and oviposition, the actual deposition of eggs on the substrate. Klowden & Blackner (62) have shown that preoviposition behavior is induced by a hemolymphcborne substance in A. aegypti. Preoviposition behavior may involve extensive searching flights in species such as Aedes taeniorhynchus that can migrate and blood-feed miles inland from the salt marsh habitat in which they oviposit. Other mosquitoes, including Wyeomyia spp. , De inocerites spp. , A. aegypti, and Aedes triseriatus, are less mobile and remain in more localized habitats to seek-hosts and to feed on blood. These species use specialized oviposition sites including epiphytic bromeliads, crab holes, and natural or artificial containers. Because of their more restricted habitat their preoviposition searches are briefer, but they may rely on specialized visual cues to help identify potential oviposition sites. Egg characteristics and general oviposition strategies of mosquito subfamilies have been reviewed (81 ) .
Oviposition flights of many species occur during twilight (36, 90). Mos quito species that display two crepuscular biting peaks (one in the evening followed by one in the morning) often also have two peaks of ovipositional flight (15). Like female mosquitoes in other physiological stages, such as those that have had a blood meal or those seeking hosts, gravid mosquitoes of species that are normally active at night fly more during moonlight than under cloudy or moonless conditions (1 3).
Mosquitoes use four broad ovipositional strategies in nature. Females of some species deposit individual eggs on the water surface, usually while hovering above the water. Often, these species make no contact with the water. Genera that exhibit this type of behavior include Anopheles, Sabethes, Toxorhynchites, and Wyeomyia. Mosquitoes of the genera Coquillettidia, Culex, and Culiseta deposit egg rafts directly on the water surface. These females use contact stimuli to cvaluate water chemistry and other factors prior to oviposition. Some Aedes spp. and Psorophora spp. deposit individual eggs on a substrate at or above the water line. The final strategy involves the complex attachment of an egg raft to vegetation, usually below the water surface. This behavior is exhibited by members of the tropical subgenera Mansonioides and Mansonia (72) , by species of Aedeomyia, and by some Culex and Anopheles species.
Eggs laid on a substrate above the water line are resistant to desiccation, especially since they are usually shaded from direct sunlight. The eggs can survive for many months or even years until flooding provides the hatching stimulus and a suitable habitat for completion of larval development (63) . Since mosquitoes that oviposit above the water line do not require an im mediate larval habitat, they can oviposit as soon as development of the egg batch is complete and an oviposition site is located. In general, females of these species are short lived. For example, in southern Florida C. nigripalpus and Aedes vexans oviposit in flooded citrus furrows during the dry winter months. Adult female C. nigripalpus can be collected up to 10 wk after groves are flooded, while female A. vexans disappear within 2 wk of the flooding. Likewise, mosquitoes that oviposit in bodies of permanent water such as sewage retention ponds and swamps can deposit their eggs as soon as egg development has been completed. On the other hand, females that lay individual eggs or rafts on the surface of temporary pools or that attach eggs to specific plants must locate, evaluate, and select oviposition sites that will be immediately habitable by the larvae. In the absence of suitable larval habitats or vegetation on which to oviposit, these mosquitoes must retain their eggs until sites become available. Thus, these species may have an extended lifetime, which may be important with respect to disease incubation and transmission by vector species (7, 26, Ill) .
Physiological factors such as nutritional status and insemination are known to influence mosquito ovipositional behavior. Prolonged exposure to sugar inhibits oviposition in the laboratory (27, 41). Insemination also affects oviposition in the laboratory. Matrone, a substance produced by the male accessory gland, is transferred to the female during copulation, rendering her refractory to further insemination (20). This substance is known to be an ovipositional stimulant in several mosquito species (40, 69). The influence of both carbohydrate feeding and insemination on the oviposition behavior of A. vexans has been examined in the laboratory (1 11 ). Inseminated females oviposited more often during the gonotrophic cycle than virgins. Carbohy drate-starved females laid an average of 49 eggs per oviposition, while sugar-fed females laid only 22. In nature, many mosquito species mate soon after adult emergence or around host animals at the time of blood-feeding, and it is likely that most females have been inseminated by the time they become gravid. However, sugar availability in the field may be important in directing the ovipositional behavior of gravid females. It is possible that depleted nutritional reserves may force gravid females to oviposit in poor or over crowded habitats.
The oviposition behavior of several mosquito species in combination with human agricultural and industrial practices has resulted in a variety of unique and important mosquito control problems. For example, the recent introduc tion of Aedes albopictus from Asia into the United States is a direct conse quence of the oviposition behavior exhibited by this species. Females often lay eggs in artificial containers, especially discarded tires. The eggs, which resist desiccation and hatch after flooding, have been transported in tires from the temperate Orient to several important port cities in the Western Hemi sphere. This species has become well established and is a potential threat as a human disease vector (37, 100). Changes in agricultural practices of the southern Florida citrus industry created an extensive new habitat for the pest mosquito A. vexans. This species prefers to deposit its drought-resistant eggs in grove furrows at the drip line of mature citrus trees. Under natural conditions, only exceptionally heavy rains produce enough water to flood furrows to the depth necessary to hatch eggs. In the early 1960s, growers began routine flooding of groves during periods of drought. This resulted in many more broods of A. vexans each year and a dramatic increase in their population in southern Florida, where at times they become one of the most important nuisance species (22).
SELECTION OF AN OVIPOSITION SITE
Oviposition site selection by mosquitoes is a critical factor in both survival and population dynamics and has important implications with regard to mosquito control. Oviposition sites in nature cover practically the range of available aquatic niches, including artificial containers, treeholes, ponds, marshes, and plant axils (33). Intensive field studies have shown that mos quitoes are quite discriminating in selecting sites for egg deposition (75) , and considerable evidence points to this site discrimination by ovipositing females as a key factor in determining larval distribution (5, 6, 39, 57, 103, 118). Although species overlap in habitat preference, oviposition site selectivity is considerably species dependent.
Oviposition site selection is the net result of the interaction of a complex array of both chemical and physical factors (reviewed in 77). In the last two decades the advent of increasingly sensitive chemical instrumentation has made possible the separation and identification of low concentrations of substances in complex mixtures. The availability of this technology has resulted in a surge of investigations on insect chemical ecology, including chemical aspects of mosquito oviposition site selection. In this review atten tion is focused on those studies that present evidence for a chemical role in the selection of an oviposition site. Physical factors long recognized to be ex tremely important in site choice �nclude color and optical density of the site, site texture, temperature, and reflectance (19). We discuss below the interac tion of these physical factors with the chemical factors involved in site selection.
To date, many of the reported studies have involved oviposition ex periments in the laboratory. These studies, of course, do not necessarily reflect mosquito behavior in the field. Many of the reported behaviors may be laboratory artifacts and may have no relevance to behavior in nature. It is hoped that more field studies, with their intrinsically greater ecological significance, will be forthcoming.
Unfortunately, there is much confusion in the literature with regard to terms used to describe mosquito response in oviposition bioassays. Substances are frequently referred to as "attractants" or "stimulants" and "repellents" or "deterrents" even though experiments appropriate for providing the basis of meaningful definitions have not been conducted. Dethier et al (28) proposed that an oviposition attractant may be defined as a chemical that causes insects to make oriented movement toward the source, while an oviposition stimulant is a chemical that elicits oviposition. An oviposition repellent is a chemical that causes insects to make oriented movements away from the source, and a deterrent inhibits oviposition when present in a place where insects WOUld, in its absence, oviposit. This terminology requires careful analysis of behavioral sequences (58--60) , for which experimental design has not been adequate in most mosquito oviposition studies. Often, site selectivity has been determined by comparing egg numbers in test and control sites. In these experiments the observed response may be to olfactory or gustatory stimuli or to both. In several cases an olfactometer has been used or the substances have been assayed in screened containers where only olfactory detection was possible. Forced oviposition techniques have also been used to compare rates of oviposition in response to contact of specific mosquito parts in test substances with ovipositional responses to tap or distilled water. A few electrophysiolog ical and organ extirpation experiments have been conducted to pinpoint the location of specific receptors.
OVIPOSITION ATTRACT ANTS AND STIMULANTS
For many mosquito species, oviposition site selection is influenced by the presence of chemical substances. The origins of these substances are wide ranging and their molecular structures, where known, are highly variable. Since the literature on this subject is extensive, we limit our discussion to selected studies that demonstrate the diversity of these phenomena.
Interaction of Chemical and Physical Factors
Chemicals at the oviposition site are not isolated and independent factors, but are components in a web of external influences that together may elicit oviposition site selection. The interaction of factors has been demonstrated for the container-breeding Queensland strain of A. aegypti in a well-designed series of combination laboratory experiments that linked humidity and visual, tactile, chemotactile, and olfactory stimuli (91) . Similar complexity was demonstrated for A. triseriatus (120) , which prefers to oviposit in rot cavities of hardwood trees but which has also been observed to oviposit in a variety of other containers, including discarded tires (84). Wilton (120) examined the effects of six environmental factors on oviposition site selection by A. triseriatus in the laboratory. The mosquitoes showed preferences for contain ers with horizontal openings, rough-textured and dark-colored walls, and dark backgrounds. Water of high optical density also proved important, and ex periments with treehole water demonstrated the importance of both olfactory and contact chemoreception.
In laboratory investigations of oviposition by A. triseriatus in sites contain ing water that had previously held conspecific larvae, McDaniel et al (85) observed a strong correlation of chemical attraction with color of the site. Williams (119) and Wilton (120) had explored the effect of site color on oviposition in earlier work, but had not noted this correlation. McDaniel et al (85) observed little discrimination between sites containing attractants of larval origin and those containing only water if both were presented in highly attractive amber vessels. In the visually less attractive green or colorless containers, however, more than 95% of the eggs were deposited in sites containing larva-produced attractants. These results may indicate that visual cues are important for the location of dark treeholes, while olfactory attrac tants are less important for oviposition site location by this species.
Physical factors associated with the oviposition site are known to be important components of site selection. Substrate moisture is particularly important for A. taeniorhynchus and Aedes sollicitans (63), Psorophora howardii (92), Psorophora columbiae (87), and A. vexans (21). Surrounding vegetation is also carefully evaluated prior to oviposition (104) . Many of the physical aspects of a potential oviposition site are probably evaluated visually before the mosquito initiates oviposition behavior or makes contact with water or substrate. Pool brightness is an important factor in the oviposition behavior of Culex restuans and Anopheles gambiae (8, 83). Surface reflectance is undoubtedly an important ovipositional cue for species that must locate standing water, and it is especially important for species that deposit eggs while hovering above the oviposition site (57) . It is likely that species that oviposit in containers, both natural and artificial, rely on some sort of visual analysis for site location and subsequent oviposition (29, 30, 71).
Substances of Larval Origin
Considerable evidence has accumulated for the existence of larva-produced oviposition attractants and stimulants. In laboratory experiments Aedes atro palpus preferentially oviposited in water that had previously held conspecific larvae (56) . The active substance was stable and could be stored in solution for several weeks. The aqueous solution could be evaporated to dryness .and reconstituted to restore the original activity. Although the authors referred to the substance as an oviposition attractant, appropriate experiments to differen tiate olfactory and gustatory modes were not conducted, and the low volatility of the substance suggests that it may actually be a contact stimulant. Aedes atropa/pus is a rock-pool breeder that utilizes the same temporary sites repeatedly in nature. The apparent stability and low volatility of the active substance would be advantageous in this habitat; the substance can remain active over long periods and can be reconstituted after the drying and subse quent reflooding of the rock pools.
Aedes togoi occurs along rocky shores in East Asia and southwestern Canada and preferentially oviposits in rock pools above the high-tide mark. For oviposition this species preferred water that had previously held larvae over water that had not (16). The larva-produced activity remained both when the larvae were first purged with kaolin and when the water containing larvae was microfiltered. The active substance resulted in greater egg deposi tion only when the females came in contact with the solution; it was thus a contact stimulant rather than an attractant.
With A. triseriatus, water in which fourth-instar larvae had been held for 48 hr induced significantly greater oviposition than distilled water (10, 85, 86) . Water that had held larvae whose gut contents had been flushed by kaolin exhibited similar activity. The active substance retained activity when en closed in a screened container within the oviposition site. When water that had held larvae was distilled under reduced pressure, the distillate, but not the reconstituted residue, displayed activity. The substance was thus an olfactory attractant. Similar oviposition attractant and stimulant activity of water in which larvae had been held has been reported for a number of other species. The phenomenon is not, however, characteristic of all species. For example, the concurrent presence of A. gambiae larvae reduced oviposition, while turbid water from natural breeding sites increased oviposition selectivity (83) .
The origin of the larva-produced attractants and stimulants remains an important question requiring further exploration. These substances may, in some cases, be pheromones produced by the larvae, but the possibility that activity is due to fecal material or microbial metabolites must also be consid ered. Neither microfiltration of the oviposition medium nor flushing of the gut contents prior to site selection experiments is adequate to eliminate the latter possibility (116) . In the most definitive experiment in this area, A. atropalpus reared under axenic conditions preferred larval rearing water over distilled water for oviposition (78) . This experiment indicated that the attractive substance was probably a pheromone.
Larval density also affects site selectivity. Rearing water of higher larval density (900 larvae per liter) was repellent to ovipositing A. atropalpus females reared under axenic conditions (78) . Culex tritaeniorhynchus pre ferred water that had held uncrowded rather than crowded conspecific larvae (99) . For Anopheles stephensi, no such preference was evident. It was not determined whether the factor influencing Culex site selection was an attrac tant, a stimulant, or an effect of larval density, and its origin was not elucidated. This overcrowding factor, whether an inhibitor produced by the larvae or a result of excess excretory production, could have evolved as a mechanism regulating oviposition in less favorable, overcrowded sites.
Culex tarsalis females preferentially oviposited in water containing conspecif ic pupae, exuviae, and emerging adults (42). The active substance was of low volatility and was heat stable, as evidenced by the observation that both boiled emergence water and reconstituted residue from evaporation treatments re tained activity. The response was probably initiated by contact chemorecep tion, and the substance was probably an oviposition stimulant. The substance was species specific, since C. tarsalis preferred water in which conspecifics had emerged to that in which Culiseta inornata, A. aegypti, or Culex pipiens had emerged. Osgood (93) , however, found these results (42) unreproducible in 24-hr bioassays with C. tarsalis. He attributed the earlier results to bacterial contamination caused by the longer assay period or to a factor added to the sites by ovipositing mosquitoes. The latter explanation would seem more consistent with the high species specificity observed.
Ovipositional preference for water that contained pupae has been demon strated for Culex salinarius (2), A. aegypti (112), A. atropalpus (19), Aedes caspius (1), and A. togoi (116) . However, the origin of the active substance has not been proved in any of these studies. In the case of A. aegypti, suspensions of bacteria cultured from water that contained pupal exuviae or incubated pupal exuviae induced increased laboratory oviposition site selectivity (101) . On the other hand, A. togoi females showed no preference for water containing microorganisms filtered from water that had held pupae (116) .
Substances of Egg Origin
Ether washings of Culex pipiens fatigans (=quinquefasciatus ) egg rafts elicit ed preferential oviposition by this subspecies in laboratory experiments (114) . The active fraction was reported to be a mixture of 1,3-diglycerides of acetylated monohydroxy and dihydroxy fatty acids. The principal dihydroxy fatty acid methyl ester obtained by methanolysis of the 1,3-diglyceride mix ture corresponded to 5,6-dihydroxyhexadecanoic acid, while the major monohydroxy methyl ester from the methanolysis corresponded to 3-hydroxytetradecanoic acid.
A later study reported that the increased oviposition response of C. pipiens fatigans to the presence of its own egg rafts was due to a substance associated with the egg apical droplet (17). The substance was nonspecific, since this species responded in an identical manner to egg rafts of Culex pipiens molestus and C. tarsalis (17).
Using gas chromatography-mass spectrometry (GC-MS), microchemical methods, and synthesis, Laurence & Pickett (67) demonstrated that the major component of the active substance in the C. pipiens fatigans apical droplet was erythro-6-acetoxy-5-hexadecanolide. Laboratory assays of the synthetic compound showed it to be as active as egg rafts containing an equivalent amount of the compound. Application of chiral stationary-phase gas chromatography demonstrated that the absolute configuration of the pher omone was (-)-(5R,6S) (66) . Bioassays of the synthetic enantiomers were consistent with this stereochemical assignment. All four stereoisomers have been subjected to bioassays, which have shown the (-)-(SR,6S) isomer to be the most active (44, lOS) . A number of groups have synthesized the optically active pheromone (32, 70, 76, 79, 89,106) . A short synthesis of the racemic pheromone has also been reported (S4). The 6-trifluoroacetoxy analog exhib ited activity similar to that of the natural pheromone (16). This analog is more volatile than the natural substance, which is only effective over short dis tances (68) ; thus it may have potential for increasing the attraction range.
An oviposition pheromone has also been found associated with egg rafts of C. tarsalis (93) . Olfactometer experiments demonstrated an attraction, but egg deposition ratios did not indicate the presence of oviposition stimulants associated with the egg rafts (94) . The substance was ether soluble and of somewhat low volatility, since activity was retained in the residue when it was distilled at 40°C under vacuum. The oviposition response of C. tarsalis to conspecific egg rafts has been further confirmed (17). An active fraction has been chromatographically isolated from the ether extract of C. tarsalis egg rafts (113) . The nuclear magnetic resonance (NMR) spectrum was consistent with the presence of 1,3-diglycerides of acetylated hydroxy fatty acids. Degradation experiments demonstrated that the fatty acids associated with the 1,3-diglycerides were 3-hydroxytetradecanoic acid, 3-hydroxyhexadecanoic acid, 3-hydroxyoctadeca-cis-l1-enoic acid, and erythro-S ,6-dihydroxyhex adecanoic acid. Starratt & Osgood (113) postulated that the monohydroxy acid residues were esterified with one of the positions of the glycerol moiety and the dihydroxy acid residues with the other. Acid hydroxy functions were acetylated in the diglycerides.
A chemical relationship has been noted between the oviposition attractant fraction from C. tarsalis egg rafts (113, 114) and the more recently reported C. pipiens fatigans apical droplet pheromone (67) . The C. pipiens fatigans apical droplet pheromone, if subjected to the methanolysis conditions used by Starratt & Osgood (113) , would lead to the formation of methyl-S,6-dihydroxyhexadecanoate, a product found in the 1 ,3-diglyceride methanolysis product mixture. Considering the apparent non specificity of the apical droplet attractant, it seems possible that the lactone might have been present at low levels in the C. tarsalis active fraction studied by Starratt & Osgood (113) . If present in low concentration, it may not have been detectable in the 1,3-diglyceride fraction by 60 MHz NMR, and methanolysis would have con verted it to methyl-S,6-dihydroxyhexadecanoate. The lactone as the actual active compound would be more consistent with olfactometer experiments that showed that the active compound in C. tarsalis egg raft washings functioned as an attractant (94) . The apical droplet lactone would be more volatile than the larger 1,3-diglycerides, which contained more than 35 carbons. The case for 1,3-diglycerides as oviposition attractants for several Culex species, although speculative, warrants reevaluation in light of the analysis of the apical droplet pheromone of C. pipiens fatigans (67).
Substances From Other Sources
Perry & Fay (96) reported that gravid A. aegypti exhibited an olfactory response to fatty acid esters in the laboratory. The authors concluded that site choice was mediated primarily by stimulation of olfactory receptors. The lower-molecular weight members of the acetate, propionate, and butyrate homologous series proved most active, possibly because of their higher vapor pressures. Oviposition experiments on antennectomized females indicated probable loss of olfactory orientation to chemicals. The ecological signifi cance of these findings is not clear, since the esters were not demonstrated to be present in water from field oviposition sites. In a subsequent electrophysio logical study, Davis (23) reported that the short, blunt-tipped sensilla trichodea Type II (A2II) of female A. aegypti responded to methyl propionate, one of the esters active as an oviposition attractant in the earlier study (96) .
The terpenes carvacrol, citral, eugenol, and famesol have also elicited preferential oviposition responses by A. aegypti in laboratory studies (107) . Each of these terpenes was also found to inhibit egg hatching. Although these substances are all naturally occurring phytochemicals, their association with field oviposition sites has not been established.
Capric acid, a larvicide, first repelled gravid C. restuans and later became attractive (82) . The attraction was attributed to the presence of bacteria utilizing the capric acid as a food source. In laboratory experiments, water from pools containing capric acid in the attractive phase was also effective in inducing increased oviposition by A. aegypti as well as by other Culex species. Later studies (50, 52) reported that cultures of the bacterium Pseudo monas aeruginosa produced an A. aegypti oviposition attractant, which was attributed to a metabolite, 7,1l-dimethyloctadecane. Hwang & Schultz (45), however, were unable to demonstrate activity of this compound with the same assay. Various species of bacteria, including Pseudomonas maltophilia, Es cherichia coli, Enterobacter agglomerans, and Ente ; obacter aerogenes, have acted as oviposition attractants for Culex pipiens pipiens in the laboratory (102) . Substances that stimulated oviposition by C. pipiens fatigans were produced in cultures of Pseudomonas reptilivora isolated from the field oviposition sites of this mosquito species (53) .
The synthetic insect growth regulator methoprene elicited increased oviposition by A. aegypti in field and laboratory experiments (18). In field experiments with methoprene briquets, test sites received an average of about twice as many eggs as untreated controls. This result has interesting im plications for control applications, since areas treated for larvae may then become attractive to gravid females.
The response of gravid A. triseriatus to decayed wood infusions, their associated chemicals, and synthetic analogs has been reported (11, 12). A distillate of an aqueous infusion of decayed paper birch elicited increased oviposition, while extracts of freshly cut wood of the same species had no effect. A volatile, active material identified as p-cresol exhibited activity similar to that of the original wood distillate at 3 ppm. It also proved highly attractive when enclosed in screened vials within the oviposition sites; this experiment demonstrated the importance of an olfactory response in oviposi tion site selection by A. triseriatus. In laboratory trapping experiments signifi cantly more mosquitoes visited sites containing p-cresol as bait than sites containing distilled water. Interestingly, no significant difference was noted between numbers of males and females in the traps. Whether this aggregation phenomenon has ecological significance is not known, but it is noteworthy that known oviposition attractants evoked similar electrophysiological re sponses in both male and female A. aegypti (24).
Synthetic analogs of p-cresol also evoked oviposition responses by A. triseriatus (12). Some of the analog acted as olfactory attractants, while others were contact stimulants. In electrophysiological studies, Bentley et al (9) found that one analog (4-methylcyclohexanol) and its individual cis-trans isomers were detected by short, pointed A2 sensiIla, while p-cresol was' detected by short, blunt A2 sensilla. An important aspect of this study is the reminder that when investigating structure-activity relationships, one must be sure that the same receptor is involved in detection of the various compounds for the correlation between molecular parameters and receptor site fit to have any significance. It is also important to note that in the studies described above, p-cresol was detected in a wood infusion, but the other compounds were simply structurally related. Whether ecological significance can be attached to the results will not be known until the phenols in a variety of treehole environments in the field have been investigated.
Of 150 chemicals screened in laboratory oviposition bioassays with C. pipiens jatigans, only two, beechwood creosote and N-butyl-N-ethyl-o veratrylamine, elicited higher oviposition than the distilled water control (34). Further studies with this species (35) showed that grass infusions, methane saturated water, and furfural elicited increase oviposition. Hay infusions also resulted in increased oviposition by C. pipiens fatigans (38). Tests using an olfactometer showed that an olfactory response to volatile bacterial metabo lites was responsible for the observed effect.
Ikeshoji & Mulla (51) reported the results of C. pipiensjatigans oviposition assays using 124 compounds including alkyl carbonyls and compounds from several other classes. A positive response was recorded when mosquitoes detected the compound vapor in a stream of air. Of the compounds assayed, only eight were attractive. There was some correlation between activity and molecular structure; most of the attractive compounds were nine-carbon systems with an a-carbon ethyl branch.
Water that previously held C. pipiens fatigans larvae was reported to induce increased oviposition activity in the laboratory (49) . Egg-white sus pension also increased oviposition, but mosquitoes from which the proboscis had been removed did not discriminate between the suspension and tap water. Ikeshoji (49) concluded that labial receptors responded to the egg-white protein. Using a forced oviposition technique in which the tarsi and proboscis of immobilized gravid females were placed in contact with various solutions, Ikeshoji (48) observed a high ovipositional response to septic tank and laboratory water and a low response to egg-white suspension. In a later report (49) , the percentage of females that oviposited was higher with the forced oviposition method than in cage oviposition assays. Removal of various organs showed that detection by the proboscis tip was primarily responsible for the observed oviposition stimulation of breeding water in forced oviposi tion experiments; but stimulatory substances were apparently also detected by the tarsi and even by the antennae. If these observations are correct, volatile attractants might also act as stimulants after the arrival of the mosquito at the oviposition site.
OVIPOSITION DETERRENTS AND REPELLENTS

Salinity
Inorganic salts greatly influence mosquito oviposition behavior in the labora tory and in nature. Ovipositing mosquitoes can tolerate a variety of salt concentrations, and considerable work has focused on egg hatchability and larval survival in oviposition water of varying salinity (118, 121, 122) . Culiseta inornata laid eggs in NaCI concentrations up to 0.1 M, but more than 50% of the larvae failed to develop in salt concentrations above 0.01 M (95). Eggs, however, were viable at the 0.1 M concentrations, which suggests that this species may choose an oviposition site based on optimal egg hatch rather than optimal larval survival (95).
Aedes togoi encounters a wide range of salinities in the marine rock pools that serve as its natural oviposition site. In the laboratory this species showed no preference between fresh water and water with salt concentrations up to 20 g NaCI per liter, but avoided higher concentrations (115). This behavior may be an adaptation for avoidance of media unfavorable to eggs or larvae. The high salt concentration also may alert the female that the pool is in late stages of evaporation and may not hold water long enough for the completion of larval development.
The larvae of Anopheles albimanus are sometimes found in estuaries that are periodically flooded with salt water (4). In the laboratory females of this species prefer to oviposit in fresh water, but they will oviposit in salt concentrations as high as 33 parts per thousand. Species normally found in salt-marsh habitats are more tolerant of salinity at ovipositional sites than species that oviposit in freshwater habitats (97, 98) . In view of the negligible vapor pressure of NaC!, contact chemoreception must be the mechanism for site salinity discrimination. Consistent with this conclusion is the finding that Toxorhynchites splendens, an aerial ovipositor, showed no significant sensitivity to NaCI in the oviposition site even though the eggs of this species are viable only in water containing less than 1 % salt (123) .
Fatty Acids
Infusions of lab chow were effective repellents to ovipositing C. tarsalis and Culex quinquefasciatus. This activity was attributed to the action of microor ganisms (65) . In a follow-up study, acetic, propionic, isobutyric, isovaleric, and caproic acids were identified as the active repellent compounds (43) . The negative oviposition responses were quantitated (64) , and the investigators suggested that where a negative oviposition response was observed, an orien tational response to the source (taxis) was probably operative. Butyric acid proved to be highly toxic to first-instar C. quinquefasciatus at the concentra tion at which it occurred in the infusion. Since low-molecular weight carboxylic acids are probably formed by anaerobic fermentation of vegetation in some field sites, it is possible that the presence of these compounds betrays sites unsuitable for larval development (64) . Further work on C5-C13 carboxylic acids demonstrated that nonanoic acid is the most effective repellent to A. aegypti, C. quinquefasciatus, and C. tarsalis (46) . This activity was further demonstrated under field conditions (108) . Structure-activity studies have also been conducted on higher un saturated C14-C24 carboxylic acids (47) . Acids of Z configuration were most active. Among the acids assayed, (Z)-9-octadecenoic acid was the most active against C. quinquefasciatus.
Phytochemicais
Phytochemicals are important mosquito oviposition attractants and stimu lants. They can, however, have a negative or deterrent effect on oviposition. For example, Lemna minor extracts have deterred A. aegypti oviposition; it was demonstrated that the active substance was volatile (55) . Other plant extracts have also exhibited deterrent activity against the same mosquito species (3, 109). Eucalyptol (l,8-cineole), a constituent of the volatile oil of the aster Hemizonia fitchii (61) , and other terpenes such as citronellal and geraniol (107) act as ovipositional deterrents. The possible importance of compounds in any of these extracts in influencing mosquito egg distribution at field sites is not clear.
Wyeomyia vanduzeei oviposits in the leaf axils of the epiphytic bromeliad Tillandsia utriculata. These plants die soon after flowering, and the presence of a flower spike foreshadows the impending loss of that aquatic habitat. Gravid W. vanduzeei are able to identify flowering plants and avoid them as oviposition sites (31). The exact mechanism of this recognition is unknown. Laboratory experiments have ruled out vision, and it seems likely that a chemical change associated with the blooming plant repels gravid mosquitoes (G. A. Curtis, unpublished data).
Insecticides
Several insecticides used for the control of mosquitoes repel gravid mos quitoes. Ovitraps containing 1125 ppm of Dursban ® 2E repelled A. triseriatus, while traps containing the same amount of Abate ® 5G or Dursban lG displayed no significant repellency (80) . Cypermethrin, fenvalerate, de camethrin, and permethrin have been tested with caged Anopheles stephensi, A. aegypti, and C. quinquejasciatus in laboratory oviposition experiments (117) . Some repellency was observed for each of these substances against all of the species tested. In field tests with ovipositing A. aegypti, malathion was repellent at concentrations above 125 ppm, while Abate was repellent at concentrations above and including 50 ppm (88).
CONCLUDING REMARKS
Substantial documentation has been presented here for the important roles of chemical substances and physical factors in influencing mosquito oviposition behavior. The investigations have in large part, however, been conducted in laboratory settings. Although continuing laboratory exploration of this type is important, future studies should also emphasize field evaluation of these factors. A number of the laboratory studies have involved screening of compounds for activity, and it is not known whether the active substances discovered actually exist in normal field oviposition sites. Microanalysis of the chemical composition of field sites should be the target of further in vestigation. In most cases, particularly in the work involving the influence of immature stages on oviposition behavior, the origins of the active substances have not been elucidated. For example, in the numerous studies of larva produced attractants and stimulants, only one investigator has unambiguously defined the source of the attractive substance (78) . Similar clarification of these phenomena is needed for other species. In addition, the isolation and identification of thc associated active compounds should be pursued.
Another major gap is an understanding of the modes of action of substances that influence oviposition. Appropriate experimental design for differentiating attractants, stimulants, deterrents, and repellents as well as for exploring the interplay between these factors is important. A further goal of this research should be an understanding of the receptors and receptor protein involved in triggering ovipositional behavior.
Finally, observation and documentation of the basic components of oviposition behavior are needed. As computer-enhanced video equipment becomes more accessible, studies similar to those of Linley (71) 
